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FILTER MEDIA AND METHODS OF MANUFACTURE 

BACKGROUND OF THE INVENTION 
1 . The Field of the Invention 

[001] The present invention relates to embolic protection devices. More 
particularly, the present invention relates to filters and methods of manufacturing the 
filters. 



2. The Relevant Technology 

[002] Human blood vessels often become occluded or blocked by plaque, thrombi, 
other deposits, or material that reduce the blood carrying capacity of the vessel. Should 
the blockage occur at a critical place in the circulatory system, serious and permanent 
injury, and even death, can occur. To prevent this, some form of medical intervention is 
usually performed when significant occlusion is detected. 

[003] Several procedures are now used to open these stenosed or occluded blood 
vessels in a patient caused by the deposit of plaque or other material on the walls of the 
blood vessels. Angioplasty, for example, is a widely known procedure wherein an 
inflatable balloon is introduced into the occluded region. The balloon is inflated, 
5 § 5 dilating the occlusion, and thereby increasing the intraluminal diameter. 



[004] Another procedure is atherectomy. During atherectomy, a catheter is 
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thereof. Also located at the tip are an aperture and a balloon disposed on the opposite 
side of the catheter tip from the aperture. As the tip is placed in close proximity to the 
fatty material, the balloon is inflated to force the aperture into contact with the fatty 
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material. When the blade is rotated, portions of the fatty material are shaved off and 
retained within the interior lumen of the catheter. This process is repeated until a 
sufficient amount of fatty material is removed and substantially normal blood flow is 
resumed. 

[005] In another procedure, stenosis within arteries and other blood vessels is 
treated by permanently or temporarily introducing a stent into the stenosed region to 
open the lumen of the vessel. The stent typically includes a substantially cylindrical 
tube or mesh sleeve made from such materials as stainless steel or nitinol. The design 
of the material permits the diameter of the stent to be radially expanded, while still 
providing sufficient rigidity such that the stent maintains its shape once it has been 
enlarged to a desired size. 

[006] Unfortunately, such percutaneous interventional procedures, i.e., 
angioplasty, atherectomy, and stenting, often dislodge material from the vessel walls. 
This dislodged material can enter the bloodstream, and may be large enough to occlude 
smaller downstream vessels, potentially blocking blood flow to tissue. The resulting 
ischemia poses a serious threat to the health or life of a patient if the blockage occurs in 
critical tissue, such as the heart, lungs, kidneys, or brain, resulting in a stroke or 
infarction. 

[007] Some existing devices and technology use a filter for capturing the dislodged 
material from the bloodstream. Usually, the filter includes a filter material which 
includes pores or openings to allow the blood to pass therethrough while at the same 
time preventing larger debris from passing therethrough. Generally, the filter material 
is constructed from an organic or inorganic polymer. Suitable polymeric materials can 
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be formed into a thin film using a variety of techniques such as extrusion, dip molding, 
stretching, casting, and calendering. 

[008] Polymer films can be constructed quite thinly, usually having wall 
thicknesses of about 1 mil (25|iim). However, it would be an advantage to have a 
polymer film that has an even thinner wall thickness. Having a thinner film or material 
allows a greater volume of filter material to be packed into a mechanism to deploy the 
filter. As a result, more filtering media is provided for the filtering function, allowing 
more debris to be caught by the filtering mechanism. 

[009] In addition, a desired characteristic of filter material is that it has a degree of 
elasticity or some elastomeric attribute. As the fluid is passing through the filter 
material, it is desirable that the filter material is somewhat elastomeric so that the flow 
of the bloodstream does not rupture the filter material. 

[010] The filter material should also have high tear strength to withstand the fluid 
flow across the surface area of the filter material. In addition, it is desirable that the 
filter material have high tensile strength for many of the same reasons that it should 
have high tear strength and have elasticity. 

[011] In order to maintain the desired strength and flexibility of the filter material, 
it is important that the filter material maintain a consistent thickness. In many types of 
thin materials, generally as the thickness of the material decreases, these desired 
qualities of high elasticity, high tear strength and high tensile strength also decreases. 
Thus, certain processes, such as dip coating, are not suitable for providing filter material 
with consistent thickness. In the dip coating process, an operator dips a mandrel into 
polymer which is dissolved in a carrier or solvent. The mandrel is then withdrawn at a 
certain velocity. Depending on the rate of withdrawal and depending on the viscosity of 
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the fluid, the thickness of the filter material is controlled. However, when the solvent 
comes off the mandrel, it results in an inconsistent thickness of the filter material. In 
addition, the dip coating process is limited on how thin the filter material can be 
formed. Furthermore, the dip molding process at the molecular level results in a very 
homogeneous molecular structure that actually reduces the tear strength and tensile 
strength of the resultant filter material. 

[012] Where the filter material is a thin film, the thin film requires special 
handling. As such, manufacturing costs can be quite high due to the delicate and thin 
nature of the material. However, it would be desirable to make the manufacturing 
process steps as simple as possible to reduce costs. In addition, it is desirable to make a 
process which is safe. For example, PTFE (polytetrafluoroethylene) film can be made 
from extrusion or stretching processes. However, PTFE films are generally difficult to 
work with, requiring dangerous solvents or heat bonding processes. Furthermore, 
extrusion or stretching processes still do not produce the desired film thinness or the 
desired tear strength required for bloodstream filtering applications. 
[013] In addition, it is desirable to be able to pack the filter material within some 
sort of deployment mechanism in order to navigate the filter material through the 
vascular system of the patient. Once a filter mechanism is positioned at the correct 
location, the filter material should then be easily deployed such that it closely reforms to 
its original shape. Various characteristics of the filter material influence its ability to be 
restored back to its original shape. Such characteristics include compliancy, stiffness, 
thickness, resiliency, and elastomericity. 

[014] Many conventional filter materials do not have adequate compliancy, are too 
stiff, are too thick, not sufficiently resilient or elastomeric to reform back to the original 
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shape when deployed. Rather, they usually remain partially compressed or end up 
having many folds or wrinkles on the surface area thereof. However, such folds and 
wrinkles produces what is known as hysteresis. Existence of hysteresis in the filter 
material has a potential to weaken, or even rupture or tear the filter material at the 
location of the fold or wrinkle. Additionally, folded areas may not be fully exposed to 
the blood flow so as to decrease the efficiency of the filtering. Thus, it is advantageous 
to reduce the amount of hysteresis in the deployed filter media. 
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BRIEF SUMMARY OF THE INVENTION 
[015] The present invention is directed to filters and methods and apparatuses for 
constructing such filters. The filters of the present invention can be used in embolic 
protection devices configured to filter embolic debris from the bloodstream of a patient. 
In one embodiment, the embolic protection device includes a filter assembly located at a 
distal end thereof. The filter assembly includes a filter and a filter basket. The filter 
basket includes one or more struts which are biased to open outwardly. The filter is a 
generally sack-like structure which includes a closed distal end and an open proximal 
end. As such, portions of the proximal end are connected to the ends of the struts. 
When the struts move outwardly, this in turn opens the filter to the flow of the 
bloodstream. 

[016] As discussed above, the filter is generally a sack-like shape having a distal 
end and a proximal end. The sack-like filter can have any suitable sack-like shape. In 
one configuration, the sack-like shape has a substantially conical shape. The distal end 
is generally closed, although can have structures (e.g. a guide-wire tip) extending 
therethrough. In contrast, the proximal end of the filter is open ended. The filter can 
have one or more seams extending between the proximal end and the distal end of the 
filter. For instance, a seam can be formed as two edges of filter material are bonded 
together, whether or not such edges are associated with a single piece of filter material, 
i.e., opposite edges of a single piece of filter material, or two or more pieces of filter 
material, i.e., one edge from a first piece of filter material and another edge from a 
second piece of filter material. 

[017] Characteristics which can be desired of the filter material include, but are not 
limited to, that it is extremely thin, has a degree of elasticity, has high tensile strength, 
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and has high tear strength. In addition, it is generally desired that the filter material has 
substantially consistent thickness throughout the surface area thereof. Further, it can be 
desirable for the filter material to have an adequate degree of compliancy so that the 
filter can easily reform back to its pre-packed shape when deployed in the blood vessel. 
The filter material should generally exhibit a reduced amount of hysteresis when being 
deployed. Moreover, it is desirable that the filter material be biocompatible and any 
bonding processes be biocompatible. 

[018] In one configuration, the filter material is constructed of one or more thin 
pieces of material. For example, the filter material can be a thin film having a thickness 
of less than about 25\xm, less than about lO^im, or even a thickness of about 5|im. 
[019] In one configuration, the filter material can be a polymer film. The polymer 
film can be formed using a high pressure roller in order to further thin a sheet of 
polymer film. The stressing process undergone by the rollers also aligns the polymer 
strands which increases the strength of the polymer film. Other processes for forming a 
sufficiently thin film include, but are not limited to, extrusion, stretching, dip molding, 
blow molding. In one embodiment, a polyurethane film is used having a thickness of 
less than 25(im. 

O § * = [020] The filter can be made from one or more pieces or sections of filter material. 

Q | H £ p jS In one embodiment, the filter can be constructed from two pieces of filter material. In 
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«! i 1 3 § § another embodiment, the filter can be constructed from a single piece of filter material. 

£ < I s 5 In addition, in other configurations, the filter can be constructed from more than two 
O < % 

pieces of filter material. 

[021] The sections of filter material are generally cut out or formed from a larger 
piece of filter material. The sections can be cut, under computer control, by an Eximer 
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laser. Alternatively, the sections can be formed using a pattern. The pattern, having the 
configuration or shape desired for the section, can be placed over a section of filter 
material. Once in place, a wide laser beam is passed over the pattern to burn away all of 
the filter material outside of the periphery of the pattern to leave behind the shaped 
piece. Alternatively, a solvent or a chemical capable of etching or removing a portion 
of the filter material can be used to wash away materials outside the edges of the 
pattern. Such chemicals, can include, but not limited to, caustic chemicals, acids, 
mixtures of acids or caustic chemicals, or other chemicals capable of etching or 
removing a portion of the filter material. 

[022] To form a conically shaped sack-like filter, the one or more sections of filter 
material are each constructed having a substantially tapered configuration. That is, each 
section of filter material has a proximal end and a distal end with a generally tapering 
configuration from the proximal end to the distal end. The proximal end can have 
notched or serrated configurations to assist in connecting the filter to other structures of 
the filter assembly. Where the section of filter material is generally tapered, the section 
of filter material will include two generally angled edges which can be planer, curved, 
or alternatively, have protruding portions. For example, in one configuration, the edges 
have a generally parallel portion and a generally angular portion. The sections can have 
various polygonal configurations. 

[023] Each section of filter material includes a porous region. The porous region 
can be formed a distance from the outer periphery of the section or can cover the entire 
surface of the section. The porous regions can be formed during manufacturing of the 
sections. Alternatively, the porous regions can be formed during the formation of the 
filter material itself. The pores can have various configurations including, but not 
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limited to, circular, oval, polygonal, and the like. The diameter of the pores can range 
from about 50jim to about 200^m. 

[024] A clamping assembly can be used to hold together adjacent or overlapping 
edges of the section(s) of filter material and to protect the rest of the section from the 
selected bonding process. In one configuration, where two sections of filter material are 
used to form the sack-like filter, a clamping assembly is provided having a first die 
portion and a second die portion. The first die portion provides a first clamping surface 
and the second die portion provides a second clamping surface. In one configuration, 
the clamping surfaces are shaped substantially similar to the shape of the pieces of filter 
material. In one embodiment, the surface area of the sections of filter material is 
slightly larger than the surface area of the clamping surfaces so that a portion of the 
filter material is exposed outside the periphery of the die portions. The clamping 
assembly is selectively positionable between an open and closed position. Alignment 
means can be provided to align the die portions. 

[025] In one embodiment, the outer edge of one or both clamping surfaces 
includes a slightly chamfered edge. This increases the size of the portion of the sections 
of filter material that can be exposed to the bonding process. Where both clamping 
surfaces have a chamfered edge, it also creates a groove which holds a bonding agent so 
that the bonding agent has sufficient space and time to bond the adjacent edges of the 
filter material together. In addition, the groove forms a guide for an operator to apply a 
removing tool to remove portions of the bonding agent and filter material outside and/or 
within the groove to complete the bonding process. 

[026] The clamping assembly can be constructed from metal, ceramic, plastic or 
other material which provides a high enough clamping force and is resistant to the 
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selected bonding process. In addition, the material is preferably reasonably corrosion 
resistant. 

[027] The process for bonding two sections of filter material can include placing 
the sections of filter material horizontally on the first clamping surface. A second 
clamping surface is placed over the overlapped sections. At least a portion of the first 
edge of the first section overlaps at least a portion of the first edge of the second section. 
Similarly, at least a portion of the second edge of the first section overlaps at least a 
portion of the second edge of the second section. The clamping surfaces are then placed 
in the closed position. In one configuration, at least a portion of the edges are exposed 
outside of the clamping assembly. The edges can then be bonded using a bonding 
agent, such as solvent or adhesive, heat, or other bonding process, or a combination 
thereof to form the sack-like filter. A tool can be optionally applied to the groove 
formed by the chamfered edges to remove excess bonding agent and/or the discarded 
portions of the edges of the sections of filter material. 

[028] In yet another configuration, the sack-like filter can be formed from a single 
section of filter material. The single section of filter material can be substantially 
tapered having a first edge, second edge, and a third edge. The filter material also has a 
porous region. The first edge and second edge are configured to be bonded together to 
form the substantially conical shaped sack-like filter. A clamping assembly can be 
provided having, instead of clamping surfaces, a first blade and a second blade. The 
first edge and second edge are overlapped and the blades placed over the overlapping 
edges to provide a high clamping force thereon. The blades can include chamfered 
edges similar to the clamping surfaces. The first edge and second edge can then be 
bonded using a bonding agent, heat, or other bonding process, or a combination thereof 
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to form the sack-like filter. Advantageously, the filter formed of a single piece of filter 
material results in only one seam, thus minimizing the number of weak points in the 
filter. 

[029] These and other objects and features of the present invention will become 
more fully apparent from the following description and appended claims, or can be 
learned by the practice of the invention as set forth hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[030] To further clarify the above and other advantages and features of the present 
invention, a more particular description of the invention will be rendered by reference to 
specific embodiments thereof which are illustrated in the appended drawings. It is 
appreciated that these drawings depict only typical embodiments of the invention and 
are therefore not to be considered limiting of its scope. The invention will be described 
and explained with additional specificity and detail through the use of the 
accompanying drawings in which: 

[031] Figure 1 illustrates a side view of the distal end of an embolic protection 
device, showing a filter assembly with a filter constructed according to one exemplary 
embodiment of the present invention, where the filter assembly is in a deployed 
position; 

[032] Figure 2A illustrates a clamping assembly for assembling the filter of Figure 

l; 

[033] Figure 2B illustrates one of the sections of the filter material of Figure 2A; 
[034] Figure 2C illustrates a partial side view of the clamping assembly of Figure 
2 A in the closed position; 

06 

§ § 5 [035] Figure 3A illustrates a section of filter material for use in constructing a 
P 8 < B s ^ ter accorc ^ n § t0 anot her embodiment of the present invention; 

< i I § £ 2 [036] Figure 3B illustrates a portion of a clamping assembly for assembling the 

^ w O < c/5 U 

eS £ § S 5 section of filter material of Figure 3A; and 

[037] Figure 3C illustrates a portion of another embodiment of a clamping 
assembly for assembling the section of filter material of Figure 3A. 
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DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS 
[038] With reference to Figure 1, a portion of an embolic protection device 10 is 
shown that uses a filter 14 of the present invention. General features of the embolic 
protection device 10 will be discussed herein, but it will be understood that the filter 14 
of the present invention can be used with various other configurations of the embolic 
protection device. 

[039] The embolic protection device 10 uses the filter 14 to filter the blood 
flowing therethrough and prevent large pieces of debris from moving downstream of a 
surgical site. To aid with this, the embolic protection device 10 includes a filter 
assembly 12 located at a distal end of the embolic protection device 10. The filter 
assembly 12 attaches to a distal end of a guide member 16 that aids with positioning the 
filter assembly 12 within the vasculature of a patient. The guide member 16 can have 
various configurations, so long as it has sufficient torqueability, rigidity, and flexibility 
to move through the tortuous anatomy of a patient. In one configuration, the guide 
member 16 is a metallic member, while in other configurations the guide member 16 
can be composite materials, alloys, or other materials. 

[040] The filter assembly 12 includes the filter 14 and a filter basket 18 to support 
the filter 14. More specifically, the filter basket 18 includes a proximal end that 
attaches to a distal end of the guide member 16, while integrally formed with or 
attached to a distal end of the filter basket 18 are one or more struts 20. These struts 20 , 
move outwardly to deploy the filter 14 during use of the embolic protection device 10. 
Further details regarding the struts 20, the filter basket 18 and generally the embolic 
protection device 10 can be found in co-pending United States Patent Application No. 
10/186,275, filed June 28, 2002, entitled "Methods, systems and devices for providing 
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embolic protection and removing embolic material" (attorney docket number 
15389.9.1) and U.S. Patent Application No. 10/290,099, filed November 7, 2002 and 
entitled "Methods, systems and devices for delivering stents," (attorney docket number 
15389.14.1), the disclosures of which applications are incorporated herein by reference. 
[041] With continued reference to Figure 1, the filter 14 has a sack-like shape. In 
particular, the filter 14 has a distal end 22 and a proximal end 24. The distal end 22 of 
the filter 14 is illustrated as being closed. In contrast, the proximal end 24 of the filter 
14 is open-ended. The cross section of the filter 14 is configured to substantially span 
the cross section of a blood vessel (not shown) in which the filter 14 is located. As 
such, substantially all of the fluid flowing through the blood vessel comes in contact 
with a portion of the filter 14. In this manner, the filter 14 is configured to filter 
embolic debris from a dynamic stream of blood. 

[042] As shown in Figure 1, the filter 14 can have one or more seams 26 which 
result from the bonding of two portions of the filter material forming the filter 14, such 
that the filter 14 has a sack-like shape. The seams 26, only one being shown in Figure 
1, generally extend between the distal end 22 and the proximal end 24 of the filter 14. 
For instance, the seam 26 can be formed as two edges of filter material are bonded 
together, whether or not such edges are associated with a single piece of filter material, 
i.e., opposite edges of a single piece of filter material, or two or more pieces of filter 
material, i.e., one edge from a first piece of filter material and another edge from a 
second piece of filter material. The manufacture of the filter 14 will be discussed in 
further detail below. 

[043] The filter material of the filter 14 can be extremely thin, have a high degree 
of elasticity, have high tensile strength, and have high tear strength. In addition, the 
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filter material can have a substantially consistent thickness throughout the surface area 
thereof so as to maximize the strength of the filter material and prevent weak spots. In 
other configurations, the filter material can have irregular or non-uniform thickness. In 
this latter configuration, increased filter strength can be created by increasing the 
thickness of the filter material. For instance, additional strength can be desired at 
locations where the struts 20 attached to the filter 14. Similarly, the distal end 22 can 
have a thickness greater than other portions of the filter material to limit the potential 
for tearing during capturing of embolic material or during removal of the embolic 
protection device 10. 

[044] As discussed earlier, the filter assembly 12 and associated filter 14 are 
usually tightly packed in some fashion before being deployed in the blood vessel. 
Suitable filter materials for the filter 14 have an adequate degree of compliancy so that 
the filter 14 can easily reform back into its pre-packed shape when deployed in the 
blood vessel. Furthermore, it is desirable that when the filter 14 is deployed, there is a 
reduced amount of hysteresis that is found, when compared with conventional filters. 
Hysteresis refers to the folds and/or wrinkles that are created by tightly packing the 
filter material of the filter 14. 

[045] Generally, the filter material for the filter 14 can be, but not limited to, 
organic or inorganic polymers. Organic polymers include, but are not limited to, low- 
density polyethylene (LDPE), polyethylene terphthalate (PET), polytetrafluoroethylene 
(PTFE), fluorinated ethylene propylene (FEP), polyethylene (PE), polyurethane (PU), 
polycarbonate (PC), polyvinylchloride (PVC), or combinations thereof. Alternatively, 
the filter material can be fabricated from one or more metals, alloys, synthetics, 
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composites, or other materials having the desired medical characteristics and that are 
capable of being formed as a thin film. 

[046] In one configuration, the filter material for the filter 14 is constructed of one 
or more thin pieces of material. For example, the filter material can be a thin film 
having a thickness of less than about 25|im (1 mil), less than about 10|im, or even a 
thickness of about 5|im. For the case of using a thin film for the filter 14, a suitable thin 
film is selected such that manipulation of the thin film into a sack-like structure is easily 
facilitated. That is, when working with such thin films, it is desirable to provide 
processes that are easily implemented manually. Furthermore, because the filter 14 is 
intended to be placed within a human body or other organism, it is desirable that the 
filter material itself be biocompatible and any seams formed on the edges of the thin 
film are formed using biocompatible bonding agents and/or safe heat processes. It can 
be understood that the filter material can be fabricated from a mesh or a thin film having 
a plurality of pores or holes therethrough. 

[047] The filter material forming the filter 14 can be, in one configuration, a 
polymer film. In one exemplary configuration, the polymer film can be formed from a 
rolling process. One exemplary process can be, but not limited to, a calendaring 
process where one or more rollers roller the film as one or more of the rollers move in 
one direction and one or more of the rollers move in the opposite direction. Other 
processes are known and generally any process for creating the thin film is possible. 
[048] In this exemplary configuration, the process uses one or more high pressure 
roller to further press one or more layers of polymer film in order to make the polymer 
film even thinner. This stressing process undergone by the rollers also has the effect of 
aligning the polymer strands so as to increase the strength of the polymer film. In fact, 
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the tear strength can actually be increased by this aligning process despite the fact that 
the polymer film is becoming even thinner. One exemplary polymeric material for 
applying this thinning process is polyurethane. However, other polymeric materials can 
be suitable including, but not limited to, those identified above. In addition, other 
processes can be suitable for forming a thin film or the filter material of the filter. 
These other processes can include, but are not limited to, extrusion, stretching, pressing, 
rolling, blow molding, or other processes that can create the desired filter material. 
[049] In one configuration, polyurethane films are used because they are 
biocompatible, can be formed into a sack-like structure using biocompatible methods, 
provides the desired elasticity, tensile strength and tear strength, and also contains 
sufficient compliancy so that it reforms substantially back to its original shape with a 
minimal amount of hysteresis. 

[050] With respect to Figure 1, the filter 14 has pores formed therein so as to catch 
the debris flowing in the blood stream. While the embodiments and configurations of 
the present invention show that the filter 14 has a substantially conical shape, the filter 
14 can be configured into any suitable sack-like shape using the systems and methods 
taught herein. One advantage of a conically shaped filter is that as the longitudinal axis 

§ g * H of the cone is lengthened, the surface area of the filter increases, thus increasing the 

P^huPh amount of surface area available for filtration. 

^ >* O D P 

< 2 1 9 S 2 [051] The filter 14 can be made from one or more pieces of filter material. In one 

8 1 s j embodiment, the filter 14 can be constructed from two pieces of filter material, as 
O < 2 

illustrated in Figures 2A-2C. In another embodiment, the filter 14 can be constructed 
from a single piece of filter material, as is illustrated in Figure 3A-3C. While the pieces 
of filter material shown in Figure 2A-2C and 3A-3C are shown as substantially flat, it 
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will be appreciated that they can, in reality, have nonflat portions as commonly found in 
flexible materials. 

[052] With respect to Figures 2A through 2C, an embodiment is illustrated in 
which the filter 14 is constructed from two pieces of filter material identified as a first 
section 100A and a second section 100B. As shown in Figure 2A, the first section 
100A and the second section 100B are cut and configured to have substantially the same 
shape. The first section 100A and the second section 100B can be cut, under computer 
control, by an Eximer laser. Alternatively, the first section 100A and the second section 
100B can be formed through use of a pattern. The pattern having the configuration or 
shape desired for the first section 100A and the second section 100B can be placed over 
a section of filter material, such as a section of polymer film. Once in place, a wide 
laser beam is passed over the pattern to burn away all of the filter material outside of the 
periphery of the pattern to leave behind the shaped piece. Alternatively, a solvent can 
be used to wash away material outside the edges of a pattern. However, care is taken so 
that the solvent does not penetrate within the perimeter of the pattern. 
[053] No matter the particular manner used to form the first section 100 A and the 
second section 100B, an exemplary configuration of the first section 100A and the 
second section 100B is shown in Figure 2A. Both sections 100A, 100B have a 
substantially tapered configuration. The following discussion will primarily describe an 
exemplary configuration of first section 100A, however, a similar discussion can be 
provided for the second section 100B. 

[054] As shown in Figure 2B, the first section 100A has a substantially tapered 
configuration and includes a proximal end 102A and a distal end 104A, with the first 
section 100A generally tapering from the proximal end 102A to the distal end 104. It 
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will be understood that the tapering of first section 100 A provides the desired conical or 
tapered configuration of the filter 14. The proximal end 102A has a generally notched 
or serrated configuration with a plurality of protruding portions 106A which assist in 
connecting the filter 14 (Figure 1) to other structures of the filter assembly 12 (Figure 
1). For example, as shown in Figure 1, protruding portions 106A can be connected to 
the distal ends of or other portion of one or more struts 18. 

[055] Extending from the proximal end 102A toward the distal end 104A are edges 
108A and 110A. These edges 108A and 110A are illustrated as being generally planar, 
however, the edges 108 A and 110A can be curved or, alternatively, have protruding 
portions. The edges 108A and 110A have generally parallel first portions 112A and 
114 A and second portions 116A and 118 A that are angularly orientated one to another. 
The inclusion of generally parallel first portions 112A and 114A aids with increasing 
the volume of filter 14 (Figurel) when first section 100A and second section 100B form 
filter 14. Additionally, the parallel first portions 112A and 1 14A form a constant cross- 
sectional portion of filter 14 that contacts the vessel wall during use of filter 14. 
Furthermore, parallel first portions 112A and 114 A aid with creating a secure fit with 
struts 20 (Figure 1) of filter basket 18 because the parallel portions 112A and 114 A 
following the profile of filter basket 18. 

[056] The second portions 116A and 118A of first portion 112A and second 
portion 114A terminate at the distal end 104A, which can have a planar, curved, or 
pointed configuration. In other configurations, each edge 108A and 110A can taper 
from the proximal end 102A to the distal end 104A without the inclusion of generally 
parallel first portions 112A and 114A. Similarly, edges 108A and 110A can be 
substantially parallel from the proximal end 102A to the distal end 104A without the 
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inclusion of generally angular second portions 116A and 118A. More generally, the 
first section 100A can have any desired polygonal configuration so long as it is capable 
of being formed into a sac-like configuration and attached to the filter assembly 12 
(Figure 1) so that it can collect emboli from flowing blood. 

[057] With continued reference to Figure 2B, the first section 100A includes a 
porous region 120A. In the exemplary configuration, the porous region 120A is formed 
a distance from the outer periphery of the first section 100A. That is, a solid boundary 
122 A is formed around the porous region 120 A. However, in other embodiments, the 
porous region 120 A can be formed over the entire surface of first section 100 A. The 
solid boundary 122A is configured such that when the first section 100A and second 
section 100B are placed adjacent to each other, the solid boundaries formed on the 
sections overlap and provide a surface that aids with bonding the first section 100A and 
the second section 100B together. As will be discussed further below, some or all of the 
solid portions 122 A is eventually discarded leaving behind mostly the porous regions 
120A. 

[058] The porous region 120 A can be formed during manufacturing of the shapes 
of sections 120A. In one configuration, the pattern used to form the sections 100A and 
100B can include a plurality of holes that match the location of the pores of the porous 
region 120A. As the wide beam laser passes over the pattern, the pores are formed in 
the filter material. In another configuration, a small diameter beam from a laser is used 
to form each individual pore. In still other configuration, solvents can be used to form 
the pores in porous region 120A. It will be understood that the pores need not be 
formed during the process of forming sections 100A and 100B. For instance, the filter 
material, such as a polymer film, can contain sufficiently sized pores such that 
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additional pores do not need to be formed during the processes performed to form the 
first section 100A and the second section 100B. 

[059] The pores formed in the filter material of the filter 14 can have a variety of 
different configurations, such as but not limited to circular, oval, polygonal, 
combinations thereof or other configurations known to one skilled in the art in light of 
the teaching contained herein. In one configuration, the filter 14 includes uniformly 
sized pores having a diameter ranging from about 50(im to about 200^m. In another 
configuration, the diameter of the pores ranges from about 60(im to about 180(im. In 
still another configuration, the diameter of the pores ranges from about 75|im to about 
150|im. 

[060] In another configuration, the filter 14 can include pores that are differently 
sized and configured. Consequently, a major or minor axis of each pore can have a 
variety of different sizes ranging from about SO^im to about 200^m, from about 60(im to 
about 180|im, or from about 75(im to about 15011m. Generally, the pore size can vary 
as needed, so long as the pores are sized so that the pores do not compromise blood 
flow through the filter 14, i.e., prevent blood flowing through the filter, and collect 
material that could potentially occlude smaller downstream vessels, potentially blocking 
blood flow to tissue or result in stroke or infarction. 

[061] In one configuration, the length Li of sections 100A is about 8mm to about 
20mm. The length L2 of the porous region 120 A is about 7mm to about 19mm. The 
width of Wi of the sections 100A is about 3mm to about 14mm. The width of W 2 of the 
porous region 120A is from about 25mm to about 13mm. These and any dimensions 
disclosed in the present invention are for purposes of illustration only are not to be 
limiting to the scope of the present invention. 
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[062] The above discussion with regard to features and characteristics of the first 
section 100A also apply to the second section 100B. Sections 100A and 100B can have 
substantially the same size, or, alternatively, can differ in size. 

[063] Discussed thus far are the characteristics of the first section 100A and the 
second section 100B and the manner by which such are formed. Forming first section 
100A and second section 100B is an initial step in the process of forming the filter 14 
(Figure 1). The pre-forming process can occur immediately before the process for 
joining, coupling or attaching two or more sections to create the filter 14 or occur at any 
time prior to the process of joining, coupling or attaching two or more sections to create 
the filter 14. 

[064] Referring back to Figure 2A, to form the sack-like configuration of the filter 
14, in one embodiment, a clamping assembly 200 is used. The clamping assembly 200 
includes a first die portion 202A and a second die portion 202B. The die portions 
202A, 202B provide first clamping surface 204A and second clamping surface 204B 
between which pieces of the filter material are placed and clamped during the filter 
construction process. 

[065] The clamping surfaces 204A, 204B of the first and second die portions 
202A, 202B are preferably shaped substantially similar to the shape of the pieces of 
filter material. For example, in the embodiment above where the section 100A of filter 
material has two parallel portions 112, 114 and two angled portions 116, 118, the 
clamping surfaces 204A, 204B preferably have a similarly-shaped periphery each 
having two parallel portions and two angled portions. In one configuration, the 
periphery of the clamping surfaces 204A, 204B is smaller than the periphery of the 
sections 100A and 100B of the filter material. This allows portions of the filter material 
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to be exposed outside the periphery of the die portions 202A, 202B to be accessible for 
bonding processes, which will be discussed further below. 

[066] The vertical sides of the die portions 202A, 202B are shown as substantially 
rectilinear such that, for example with regard to die portion 202A, the top surface has 
substantially the same shape as the clamping surface 204A. However, the vertical sides 
can be curved or tapered. 

[067] One function of the clamping assembly 200 is to hold the piece(s) of filter 
material during assembly of the sack-like configuration. Particularly, the clamping 
assembly 200 can be used to hold adjacent edges of the filter material together, whether 
from the same or different pieces of filter material. Thus, the clamping assembly 200 
can be selectively positioned between an open and closed position. The die portions 
202A, 202B include means for aligning the die portions when in the closed position. 
For example, the top die portion 202A includes alignment pins 206 while the bottom die 
portion 202B includes alignment apertures 208. When the clamping assembly 200 is 
closed, the alignment pins 206 are disposed in the alignment apertures 208 to align the 
die portions 202A, 202B. Other configurations for aligning die portions 202A, 202B 
can be applied. For instance, the location of the pins 206 and the apertures 208 can be 



§§ p. 5 reversed. Similarly, combinations of the pins 206 and the apertures 208 can be included 

P g < B ° I on eac ^ °f * e ^ e P ort i° ns 202 A and 202B. It can also be understood that other types 

Vl d > O D £ 
^ z S u O ^ 

<3 2 1 9 £ u anc * configurations of alignment structures can be used to align one die portion with 



£ 1 8 5 another die portion. 

O CO 



[068] Another function of the clamping assembly 200 is to form the boundaries for 
the bonding process. That is, the clamping assembly 200 allows the desired amount of 
filter material to be exposed to the bonding process, while protecting the rest of the 
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filter material. As shown in Figure 2C, the outer edge of the first clamping surface 
204A and second clamping surface 204B has a slightly chamfered edge 210A, 210B. 
The length of the chamfer, X, is from about 75fxm (3 mils) to about 200^m (8 mils). In 
one exemplary embodiment, the length of the chamfer X, is about 125^m (5 mils). 
Thus, the clamping surfaces 204A, 204B provide an exposed portion of the sections 
100A, 100B to be available for a bonding process. Although specific exemplary 
dimensions are provided herein, it will be understood by those skilled in the art that the 
chamfer can have any desired length based upon the amount of filter material used to 
bond the edges of the filter material to form the filter 14. 

[069] The combined chamfered edges 210A, 210B form a groove 212 which can 
hold bonding agent during the bonding process. In addition, a tool (e.g., a cotton swab, 
a bit, etc.) can be run along the length of the groove 212 to remove excess bonding 
agent and/or filter material. In this manner, the excess filter material can be removed. 
[070] The depth of chamfer, X, also forms the inner clamping edge, Y, beyond 
which, the bonding processes cannot substantially penetrate. For instance, when the 
bonding process includes using bonding agents to create the desired bond, the die 
portions 202A and 202B are clamped together with a sufficient force to prevent 
O g * w i migration of the bonding agent substantially past the inner clamping edge Y. One or 
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& S < 1 8 5 [071] As discussed above, the periphery of the sections 100A, 100B of the filter 
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material can be formed larger than the periphery of the clamping surfaces 204A, 204B 
such that a portion of the filter material extends beyond the periphery of the clamping 
surfaces 204A and 204B. For example, as shown in Figure 2C, the sections 100A, 
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100B are exposed a distance Z past the clamping surfaces 204A and 204B. In one 
embodiment, the distance Z is about 500|im (20 mils). This way, if the alignment of the 
first section 100A and second section 100B is off, it does not interfere with the 
formation of the filter. The particular distance Z can be greater than 500nm or lesser 
than 500(im depending upon the particular process performed. It is merely important 
that some portion of the filter material of sections 100A and 100B extend beyond the 
inner clamping edge Y. 

[072] Thus, it will be appreciated that the configuration of clamping assembly are 
not limited to the configuration of Figure 2A, but can differ depending on the number of 
pieces of filter material which make up the filter, and the manner in which the piece(s) 
of filter material are bonded together. For example, clamping assembly 200 can have a 
blade configuration, discussed in more detail below. 

[073] In one configuration, the die portions 202A, 202B are constructed of a metal 
material. For example, the metal can be a stainless steel or tungsten. In another 
embodiment, the clamping surfaces 204A and 204B are constructed of a ceramic 
material. In any event, it is important that the material from which the clamping 
surfaces 204A and 204B are constructed is sufficient to withstand the selected bonding 
process and also provides enough clamping force between the two surfaces so as to 
prevent bonding agent or heat from penetrating too deep within the clamped area. In 
addition, it is desirable that the material of the clamping assembly 200 be reasonably 
corrosion resistant. 

[074] An exemplary process for bonding two sections of the filter material using 
the clamping assembly 200 is as follows. The first and second sections 100A, 100B are 
placed facing each other and laid horizontally on a first clamping surface 204A. A 
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second clamping surface 204B is placed over the overlapped sections. The first section 
100A overlaps the second section 100B such that at least a portion of the first edge 
108A overlaps at least a portion of the second edge 108B and at least a portion of the 
second edge 110A overlaps at least a portion of the second edge HOB of the second 
section 104B. The first and second clamping surfaces 204 A and 204B are closed using 
alignment pins 206 and alignment apertures 208 to align the clamping surfaces 204A 
and 204B. 

[075] In one configuration, because the first clamping surface and second 
clamping surface 204 A, 204B are configured to have substantially the same shape as the 
first section 100A and second section 100B, when the clamping assembly closes, at 
least a portion of edges 108A, 108B and 110A, HOB are left exposed outside of the 
clamping assembly 200. However, portions of sections 100A, 100B can also be 
exposed without the clamping surfaces 204A and 204B being shaped the same as the 
sections 100A, 100B. As shown in Figure 2C, the exposed portion of the edges 108A, 
108B and 1 10A, 1 10B is available for a bonding process. 

[076] In one embodiment, the bonding process includes applying a bonding agent 
to the exposed portion of the overlapped edges 108, 110. The bonding agent could be a 
solvent, a polymer dissolved in a solvent, an adhesive, and the like. The bonding agent 
acts to bond the first section 100A to the second section 100B. In configurations using 
solvent as a bonding agent, the solvent also allows excess amounts of the filter material 
to be discarded so that a resulting seam (Figure 1) formed between the first section 
100A and second section 100B is extremely small. In one configuration, a low 
viscosity bonding agent is applied. The operator should ensure that the first clamping 
surface 204A and second clamping surface 204B are tightly engaged over the sections 
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100A, 100B so that the bonding agent does not penetrate beyond the inner clamping 
edge, Y. However, it is anticipated that a slight amount of the bonding agent may 
penetrate beyond the inner clamping edge, Y. In the event that this slight amount of 
bonding agent penetrates beyond the inner clamping edge, Y, it can contribute to the 
bonding formed between the first section 100A, and second section 100B. 
[077] In one embodiment, the solvent is dimethyl sulfoxide (DMSO). However, 
other solvents can also be suitable including, but not limited to, cyclohexanone, 
Stoddard solvent, acetone, or other solvents that can dissolve the filter material being 
used to form the filter. Suitable adhesives for use as bonding agents include, but are not 
limited to, cyanoacrylates and acrylic adhesives. 

[078] In another embodiment, the bonding process includes applying heat to the 
exposed portions of the edges 108, 110. Again, the heat drives away the excess filter 
material while providing a bond between the first section 100A and second section 
100B. A combination of a bonding agent and heat can be used to bond the first section 
100A to the second section 100B. In addition, the bonding process can include a laser 
welding process. The selected bonding process provides the seam 26 (Figure 1) having 
the same or close to the same tensile strength as that of the filter material. 

gj 
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[080] With reference to Figures 3A through 3C, another exemplary configuration 
of the invention is illustrated in which a single piece of filter material is used to 
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construct a filter. Figure 3A shows a substantially tapered section 300 of filter material. 
The section 300 of filter material includes a first edge 302, second edge 304, and a third 
edge 306. The first edge 302 and second edge 304 are substantially linear while the 
third edge 306 has a curved shape. In addition, section 300 includes a porous region 
308 that can have a similar configuration to the porous region 120. It will be 
appreciated that the section 300 can be constructed according to the methods described 
above with reference to sections 100A, and 100B. In the embodiment using a single 
section 300 of the filter material, the first edge 302 is configured to bond to the second 
edge 304. As such, a substantially sack-like filter can be formed having only a single 
seam 26 (Figure 1) formed thereon. 

[081] With reference to Figure 3B, the first edge 302 and second edge 304 are 
overlapped and placed between a clamping assembly 400. In this embodiment, the 
clamping assembly 400 includes a first blade 402 and a second blade 404. The first 
blade and second blade 402, 404 act to provide a high clamping force to the overlapping 
edges 302, 304. In addition, the blades can be chamfered similar to that described 
above with respect to clamping surfaces 204 A, 204B. The blades 402, 404 allow at 
least a portion of edges 302, 304 of section 300 to be exposed to a bonding process 
while at the same time protecting the rest of the section from the bonding process. As 
such, a substantially conical sack-like filter is formed form a single piece of filter 
material. An additional step can be required to provide bonding agent or other bonding 
process at the tip 312 (Figure 3 A) in order to close the end of the filter. 
[082] Advantageously, a filter having only one seam 26 (Figure 1) provides 
reduced number of steps for forming the filter. This can be desirable, especially in the 
embodiments where the filter material is extremely thin and difficult to handle. 
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[083] With reference to Figure 3C, another embodiment for placing the 
overlapping edges 302, 304 of section 300 is shown. In this embodiment, instead of 
facing surfaces of edges 302, 304 being placed adjacent each other, non-facing surfaces 
of the edges are placed adjacent each other. Bonding can then occur along one side of 
the blades 308, 310 to meld or melt the edges together. 

[084] It will be appreciated the blade clamping assembly 400 can be applied to the 
embodiment having two sections of the filter material. Vice versa, a clamping surface 
clamping assembly 200 can be applied to the single-piece embodiment to form the 
single seam. In another embodiment, the edges of the filter material can be manually 
held together and then a bonding process applied. 

[085] It will be understood that the blades and dies of the present invention can be 
moved through use of a variety of techniques and structures. For instance, the blades 
and dies can be mounting within racks or on tracks (not shown) that facilitate movement 
of the blades or dies during the bonding process. The blades and dies can, therefore, be 
moved under the influence of pneumatic or hydraulic rams, rack and gear systems, or 
other structures that can be used to move one die or blade toward another die or blade in 
a controlled and repeatable manner. Additionally, the blades and dies can be moved 
manually, automatically, or under the control of one or more electronic components that 
control the motion and position of the blades and dies. 

[086] The present invention can be embodied in other specific forms without 
departing from its spirit or essential characteristics. The described embodiments are to 
be considered in all respects only as illustrative and not restrictive. The scope of the 
invention is, therefore, indicated by the appended claims rather than by the foregoing 
description. All changes which come within the meaning and range of equivalency of 
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the claims are to be embraced within their scope. 
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